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BIAS I N E S T I M A T I N G T H E A L M O S T I D E A L D E M A N D S Y S T E M W I T H T H E S T O N E I N D E X A P P R O X I M A T I O N *

Panos Pashardes
The Almost Ideal (AI) demand system is often estimated with the Stone index approximation as suggested by Deaton and Muellbauer (1980) . So far the evidence about the effect of this approximation on the parameter estimates of the A1 model is mainly empirical and inconclusive. Deaton and Muellbauer (1980) estimate an eight-commodity system using aggregate annual U K data for the period 1954-74 and report that the differences between the parameters obtained from the linearly approximated and exact budget share equations are empirically unimportant. Browning and Meghir (1991) estimate a sevencommodity system using microdata drawn from the U K Family Expenditure Survey (FES) over the period 1979-84 and report that the parameter differences between the approximated and exact models are important. Neither of these two studies nor any other study that I am aware of provides analytical or numerical comparison of results obtained with and without the Stone index approximation.
Exactly how the parameters of the A1 demand system are affected by the Sf:one index approximation is important because the popularity of this demand system is largely due to the fact that, while based on a flexible cost function, its shares can be estimated as linear equations. I examine this question by comparing analytical expressions and empirical findings obtained from the A1 model with and without the Stone index approximation. The results suggest that this approximation can result in biased parameter estimates, particularly when the A1 model is applied to microdata. This is important as it is at the micro level that the linear approximation is most useful because it facilitates the cure of measurement errors through simple I V methods and eases computational difficulties arising from the large number of variables and sample size. The use of microdata is encouraged by results showing that the restrictions required for aggregate demand analysis (Muellbauer, 1975) are not supported by empirical evidence, see for example Blundell et al. (1989) and Nicol (1989) . The paper also shows that the price parameter bias can be largely corrected through a simple re-parameterisation. The empirical analysis is based on U K individual household and aggregate data from the FES, 1970-86. Section I examines the bias caused by the Stone index approximation and * I would like to thank Vanessa Fry, Costas Meghir and an anonymous referee for comments and Richard
Blundell and Guglielmo Weber for helpful discussions. I also thank the Department of Employment for providing the Family Expenditure Survey data used in this study. I am solely responsible for the analysis and interpretation of the data.
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proposes a solution. Section I1 uses micro and macro estimates to provide empirical illustration. Section I11 concludes the paper. 
I. T H E P A R A M E T E R B I A S F R O M U S I N G T H E S T O N E I N D E X
where B,, = Cj(wjht -ajh-0.5'~ ykj lnp,,) lnpjt and a;, = a,, -Pin a,,. Therefore the Stone index approximation can be seen as an omitted variables problem, equivalent to estimating (3) without the 'price index' B,,. As such it can result in biased parameters depending on the significance of Pi, and the covariance between B,, and other variables in the budget share equations.
In the context of micro demand analysis B,, varies directly with prices and, through ajhand wjh,, with household characteristics and log expenditure. Thus, all the parameters in the budget shares are subject to potential omitted variable bias. In the case of the price parameter, it is possible to assess the direction of this bias by re-writing (3) as Furthermore : (i) at reference prices (wjht -9,),//'Ijh = (In y,, -a,,) thus Pjhand (wjh, -ajh) have the same sign, given that a,, is the minimum In y, , ; and (ii) the value of o.gC, yij lnp,, (reflecting substitution effects) is likely to be small, given that Xiyij = 0.' Thus, subject to 0.5'~ yijlnp,, = o, the bias will be positive for own price parameters. Also, because (wjh, -ajh) has the same sign as Pjh, the cross price effects will be positively biased when Pi, and Pjhhave the same sign (i.e. either both luxuries or both necessities) and negatively biased when P,, and Pjhhave the opposite sign.
The a!, parameters in (4) correspond to the intercepts of the budget share equations when a,, = o, not to the estimated intercepts of the same equation, a;, which are affected by assumptions about the size of a,,. In empirical applications a,, is fixed to a level somewhat below the logarithm of the minimum expenditure in the sample (Deaton and Muellbauer, I 980 
The price parameter bias caused by the Stone index approximation may be more serious in micro rather than aggregate demand analysis because composition has an important effect on the consumption pattern of the household and this effect is correlated with that of the level of consumer budget: families with less and younger members allocate a relatively large proportion of their budget to necessities so that a,, tends to be positive when Pi, is negative and vice versa (Pashardes, 1991) . The empirical evidence in the next section appears to support this conjecture which is also consistent with the difference between the results obtained by Deaton and Muellbauer (1980) on macrodata and those obtained by Browning and Meghir (1991) on microdata.
An interesting question is whether the Stone index approximation can also affect the adding-up, homogeneity and symmetry restrictions. With regard to adding up and homogeneity, the answer to this question is negative : CiPi, = o preserves adding-up while Xj(wjht-ajh) = o and Cjyii = o preserve homogeneity. Symmetry, however, is not preserved: to the extent that they absorb the omitted variable bias, as in (4), the logarithmic price effects become While the first two terms on the right hand side are symmetric, the last one is not.2 Furthermore, when o.5Cj y,, 1npjt N o then TijhtN yij+ (wjht -9 ,) Pi, SO that the price parameter bias caused by the Stone index approximation can be largely corrected through a simple re-parameterisation. For instance, for the (reference) household with a,, = a, and pi, = Pi the uncompensated price elasticities of the A1 model at base prices are given by where St, is the Kronecker delta. The proposed re-parameterisation implies that when the model is estimated with the Stone index approximation, the same elasticities are
How close ZZ, can be to eij is illustrated empirically in the next section. O Royal Economic Society 1993 (8) is first estimated by replacing lna,(pt) by the Stone index and applying QSLS to the resulting linear system. As in Blundell et al. (1989) ) real log expenditure is instrumented to avoid measurement error bias from infrequency of purchase (Keen, 1986) and the parameters Pi are allowed to vary with the presence of children in the family, the occupation of head and seasonal dummies. The estimated intercepts, price and expenditure parameters and t ratios obtained from this estimation are reported in columns I and 2 ofTable I , under the heading 'Stone index'. (The parameter estimates of the large number of household ch&acteristics included in the micro models O Royal Economic Society I 993 are available from the author on request.) In columns 3 and 4 of Table I , under the heading 'Exact Index', are the parameter estimates of the exact model.3
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The symmetry and homogeneity restrictions are imposed on both models for comparability.
The last four columns of Table I report results obtained from the same data but averaged to the quarterly level. Simple quarterly averages are constructed here because the objective is to replicate published (not consistently averaged) macrodata. The budget share equations are estimated by Seemingly Unrelated
The exact model is estimated using an iterative procedure as follows. Multiply ( I ) by Inp,,, sum across i, add a, to both sides and rearrange terms to obtain Using the parameters estimated with the Stone index approximation, obtain a first round estimate of lnah(pt) to begin the iterations. Convergence (warranted by the fact that at each step we minimise a quadratic equation) has been achieved in 4-5 iterations.
Regression (SUR) because aggregate expenditure can be assumed to be exogenous (Blundell et al. 1989) .
The absolute value of the substitution term o.5Ci yii lnpj, corresponding to the parameter estimates in Table I is small, on average below 0.0004 for all models. Consequently the effect of the Stone index approximation is in line with the discussion in Section I : it biases the price parameters according to the sign and size of the parameter product Pipi (see equation (5)) and is generally more serious in the case of micro demand analysis, especially in equations where the effects of the (demographic) characteristics of the household are highly correlated with the expenditure effects (e.g. food).
The system diagnostics reported in Table I show that homogeneity is accepted in all cases but symmetry is only accepted for the macro model.4 They also suggest that the impact of the Stone index approximation is too small to affect the outcome of the symmetry and homogeneity tests critically. This is consistent with the discussion in Section I and the finding here that the term o.5Ci yij lnpia,, is very small. Table 2 shows how misleading the price elasticities can be when estimates based on the Stone index approximation are used in formula (6) as if they were not biased. The elasticities in this table correspond to the parameter estimates of the micro model (where the approximation bias is found to be more serious).
I n section ( a ) they are computed using the parameter estimates obtained with the Stone index (column I in Table 2 ) and in section (b) with the parameter estimates obtained with the exact index (column 3 in Table 2 ). The results support the argument that the Stone index approximation leads to under- It is, however, rather difficult to give a meaningful interpretation to this result because the price effects in the macro model are, generally, less well determined than those in the micro model: in this sense the restrictions on the macro parameters are easier to accept.
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statement (in absolute value) of the own price elasticities. The cross-price elasticities are also biased as discussed earlier. I n some cases they even change sign, e.g. food and alcohol change from substitutes to complements and food and fuel from complements to substitute^.^ T o assess the extent to which the re-parameterisation proposed at the end of Section I can cure the biases above, Table 3 reports the elasticities obtained when the parameter estimates of the micro model obtained with the Stone index approximation are used in the adjusted formula (7). The reparameterisation brings the elasticities close to those obtained from the exact model ( Table 2 , section (b)), as one would expect from the small size of the estimated substitution term o+5Zi yiilnpi,.
C O N C L U S I O N
The commonly used Stone index approximation for linear estimation of the A1 model can bias the parameters estimates of the budget share equations. I n general, this approximation can result in understated (in absolute value) own price elasticities and cross-price elasticities of goods which are either both luxuries or both necessities. The cross-price elasticities of other goods are overstated. The empirical analysis in the paper suggests that the bias is more serious when the budget share equations are estimated from micro rather than aggregate data. I t is also found that, in the absence of strong substitution effects, the price parameter bias can be largely corrected through simple reparameterisation.
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